1 0 effect; acclimation. There is increasing interest in comparing species of related organisms for their susceptibility 1 4 to thermal extremes in order to evaluate potential vulnerability to climate change.
The same procedure was used to score cold recovery after 2 or 8 h of stress at 0 °C for the F 1 1 5 8 and F 2 generation (both traits were scored for all temperate and tropical species). As for heat 1 5 9 resistance, 10 males and females were tested from each species and flies were 4-7 days post 1 6 0 eclosion.
6 1
Analysis: We tested the relative impact of the different environments, acclimation conditions 1 6 2 and carry-over effects on mean resistance using ANOVAs, and we also used t tests to carry 1 6 3 out independent contrasts in comparing means between generations and across rearing 1 6 4 environments. All analyses were undertaken on untransformed data given that data were 1 6 5 mostly normally distributed. We also estimated variance components to assess the magnitude 1 6 6 of environmental, carry-over and genetic effects. For a single species we defined u F0 as the 1 6 7 mean of flies measured in the field, u F1 is the mean of flies measured in the laboratory after 1 6 8 rearing at 19 °C, u F2(19) as the mean after rearing at 19 °C for the F 2 generation, and u F2(28) as 1 6 9 the F 2 generation reared at 28 °C (Table 1) . We were interested in the contrast u F0 -u F2 1 7 0 measuring a combination of field environmental effects (including carry-over effects), the contrast u F1 -u F2 measuring carry-over effects, and the contrast u F2 (19) -u F2(28) measuring the resistance). These also provided an indication of any differences between the tropical and 1 7 5 temperate groups. P values were corrected for multiple comparisons using the Bonferroni approach,
correcting for the number of species within a stress test and generation. 1 7 7
To assess effects of the environmental conditions on the nature of species differences, we species that were assumed to be genetic came from species reared under the same conditions the laboratory (which captured carry-over effects).
8 5
Finally we considered variance estimates reflecting the effect of different components of the 1 8 6 environment on species differences as outlined in Table 1 . We computed the effects of the 1 8 7 environment, carry-over effects and genetic factors on species differences by estimating 1 8 8 variance components among species in the different generations using ANOVAs testing for 1 8 9 species differences within different generations and environments. Species were only used in
estimates of variance components when data were available for a species across all three generations. While most species could be included when obtaining estimates for the heat 1 9 2 resistance assays, only temperate species were included for the 8 h cold exposure because 1 9 3 species collected from the tropical site failed to survive this stress when tested at the parental temperate site species recovered almost immediately or were not knocked down under this stress. Variance components were not computed for females for the 2 h cold stress as only females of few species were measured in the field. We then calculated the variance Heat knockdown 2 0 8 F 1 flies tended to be similar or more resistant to heat than the parentals (Fig. 1A) . A 2 0 9 significant overall increase in resistance was evident for the tropical males although all 2 1 0 contrasts were negative ( > 0.8, Fig. 1A ) in both sexes. The R 2 between sexes (not shown) was also high (R 2 > 0.9).
1 7
Tropical site species were more resistant than temperate site species (ANOVA, P < 0.001 in 2 1 8 both parentals and F 1 when sexes were combined).
1 9
For comparisons of the parental and F 2 (19 °C) generations, R 2 values were substantially melanogaster where the parental generation had higher resistance.
6
In the F 1 -F 2 (19 °C) comparisons, R 2 values were only around 0.5, and several species tropical site species (Table 3) and these species showed significantly larger changes in reduced resistance (Table A1 ). For the males R 2 values across generations were low (R 2 < 2 4 8 0.2), and there was only a low correlation between species means when compared at the 2 4 9
parental and F 1 stages (r = 0.434, P = 0.210, Fig. 2A ). This was also evident in the field- parental generation (r = 0.790, P = 0.112), but highly correlated in the F 1 (r = 0.851, P < 2 5 3 0.001) and F 2 (r = 0.851, P < 0.001 for F 2 (19) and r = 0.951, P < 0.001 for F 2 (28) ) generations. positive contrasts ( comparison, the 28°C treatment tended to reduce resistance relative to the 19°C rearing (Table A1) .
For the 8 h treatment, parental data were only analysed for the temperate site males, given 2 6 4 that female numbers for both sites were low and species from the tropical site mostly did not resistance when compared to F 1 generation ( Fig. 3A) with no significant change overall 2 6 7 (Table 3) . However changes in individual species were significant in some cases, with an compared to the parentals (Table A1 ). The parental and F 1 values for species means were not
significantly correlated in males (r = 0.544, P = 0.130) and the correlation for females was
also relatively weak (r = 0.696, P = 0.055) with low R 2 values (Fig. 3A) . R 2 values in comparisons of species means between sexes from the same generation were higher (R 2 > 2 7 3 0.68) and correlated in the parental (r = 0.825, P = 0.012) and F 1 (r = 0.940, P < 0.001)
generations.
7 5
A carry-over effect was detected in tropical females (Table 3) , with the F 2 flies being less
resistant than the F 1 flies, although none of the other groups showed this pattern (Fig. 3C ).
7 7
Moreover none of the individual species comparisons were significant with the exception of resistance, inherent differences among species contributed substantially to variability in both 2 8 9
sexes (in particular in males), along with environmental effects across and within sites, while
carry-over effects were smaller (Table 4) . For 2 h cold resistance, environmental effects
tended to be the most important, along with variability within species remaining after 2 9 2 laboratory culture. Finally for 8 h cold resistance, genetic and environmental effects had a 2 9 3 similar level of importance in both sexes. Note that for heat resistance, species from both 2 9 4 sites were tested, whereas for 8 h cold the comparison involved mostly temperate site species magnitude of the environmental and species effects detected. The results suggest that the environmental factors and to a lesser extent carry-over effects can
have a substantial impact on species variation for heat and cold resistance. In the case of cold contrast, when species were compared after being reared in different laboratory environments
or when sexes of the same species were compared, R 2 values were often around 0.8 or higher
We thank Lea Rako and Jennifer Shirriffs for support with rearing of the laboratory lines. 191.0 ± 149.1 (6) 707.9 ± 153.8 (10)*** 156.7 ± 87.6 (6) 464.0 ± 155.5 (10)** cold recovery (8 h stress) environmental (P -F 1 ) --126.7 ± 209.1 (4) -carry over (F 2(19) -F 1 ) -24.0 ± 198.5 (7) 513.4 ± 186.6 (8)* -284.4 ± 214.0 (7) 270.7 ± 225.8 (8) acclimation (F 2(28) -F 2(19) ) 841.8 ± 244.1 (6)*** 299.4 ± 310.7 (2) 1126.6 ± 255.1 (7)*** 423.8 ± 392.8 (2) *P<0.05; **P<0.1; ***P<0.001
Note that species numbers vary between contrasts because insufficient numbers of individuals were available for testing some generations or conditions were too stressful (particularly for cold recovery after 8 h stress) or not stressful enough to generate knockdown (particularly for temperate field flies recovering after 2 h cold stress). Table 4 . Estimates of variance components (%) from ANOVAs (Table A2 ) on species differences attributable to various sources of variation based on comparisons in different generations and environments (see Table 1 for source contributions -these indicate which figures were subtracted to obtain components). The contribution from variation within species and environments is also estimated. (13) 7 (9) 48 (7) 41 (8) within species and environments** (df) error F 2(19) 6 (91) 15 (127) 30 (72) 34 (69) 35 (72) *this term reflects species differences in the F 2(19) comparison: the df reflect the number of species tested in the F 2(19) generation that were also tested in the earlier generations. **this term reflects the error variance component in the F 2(19) comparison: variation left after the effect of species has been removed and the species have been reared in the same environment.
